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vibrationol  mode  is  generolljr  dower.  Therefore  the  vibrofionol  cooling  Ii  not  nearly  or  preiture,  and  dentity  oil  decreoje. 

complete  « rototioool  cooling  but.  os  we  will  loter  demonstrate,  some  vibrotionol  cooling  As  Anderson  and  Fenn®  hove  shown,  this  process  cannot  go  on  torever.  Eguolion  (7) 

does  occur.  Most  signineontly,  the  rote  of  phase  equilibration  is  very  slow  ond  the  mole-  was  derived  on  the  ossumption  that  the  gos  was  continuous,  whereos  in  reolity  it  is  mode 

cules  persist  for  o long  time  In  the  gos  phose  at  temperatures  for  lower  thon  thot  necessory  up  of  discrete  atoms  ond  molecules.  Eventually  the  density  drops  to  the  point  where  the 


body  collijion  rote  cannot  sustain  the  redistribution  of  velocity  required  by  the  hydro-  number  eoritinuei  to  rite.  Thus  the  very  high  Moch  numbers  in  which  we  will  be  Interested 


OPTICAL  SPSaHOSCOPY  IN  SUPERSONIC  BEAMS  AND  JETS 


linsU  mode  cv»  dye  loier  »o  meojore  the  velocity  and  internal  itote  distributions  of  No,  in  the  blue  to  ot  least  eOOOi  in  the  infrared  and  this  entire  region  hoi  a very  high  density 


excited  $tote),  is  replaced  in  tfte  laser  experiment  by  a requirement  tbot  tbe  complex  have  as  ?t  is.  Since  the  lifetime  of  the  complex  is  very  much  shorter  thon  its  rodiotlve  lifetime 


*be  NO2  is  excited  to  an  upper  state  with  ot  leost  several  thousand  wavenum-  ment.  However,  In  addition  to  the  iodine  spectrum,  one  con  olso  observe  spectro  of  the 

ben  of  excess  vlbrolional  energy  and  the  van  der  Wools  bond  is  almost  cerlolnly  no  strorsger  von  det  Wools  complexes  of  Hel^  and  He2l2»  os  shown  in  Fig.  10,  ond  these  con  only  be 

than  100  wavenumben . Therefore,  the  surpruirsQ  thinQ  is  not  that  the  line  is  bcoodetsed,  studied  in  the  cooledjel.  As  in  the  cose  of  HeNOj,  the  complex  bonds  ore  olwoys  very 

U/f  that  the  lifelme  of  the  complex  with  respect  to  vifarotlorial  precKuociotion  is  os  long  elate  to  the  parent  Ij  bond,  and  therefore  once  again  electronic  ot  vibrational  excitation 


of  the  molecule  does  not  seem  to  chonge  the  von  der  Wools  potential  very  much.  cooling  conditions  ottoinoble  in  the  present  supersonic  opporotus,  opproximotely  80% 


c«nt«r)  appear  fo  be  portlculorly  good  von  der  Wools  binding  sites.  Under  the  most  extreme 


. Robins  ond  L.  Tolbot,  Pbysici  of  Fiuids  9,  644  (1966). 
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Fluorescence  excitation  spectrum  of  NO^  in  the  region  of  5932  A showing 


transition  of  L in  the  supersonic  jet  (P.*91  otm,  D = 25  nm,  X =0.5  cm.  The 


Fig.  10  Fluof«c«nce  excitotion  specroim  of  a jupefionte  jof  of  in  Ho  in  the  spectral 
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20.  ABSTRACT  fContinue  on  reverse  side  if  necessary  and  identify  by  block  mjmber) 

This  account  is  a description  of  a recent  technique  which  is  directed  toward 
overcoming  two  difficulties  which  arise  when  one  wishes  to  study  the  high 
resolution  spectra  of  molecules.  The  first  of  these  is  the  necessity  of  obtaining 
a sample  of  the  molecules  at  o temperature  which  is  low  enough  to  prevent 
thermal  dissociation  and  which  contoins  population  of  only  os  many  rotational 
and  vibrational  levels  of  the  molecular  system  os  con  be  separately  assigned  In 
the  spectrum.  The  second  difficulty  lies  in  finding  a medium  which  will  support 
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20.  Abstracl-  (cont'd) 

\ 

^ the  molecular  system  ot  this  low  temperature  without  introdudng  undesirable  changes 
and  complications  in  the  spectrum.  A desirable  spectroscopic  sample  would  be  an 
ensemble  of  molecules,  all  in  a particular  and  well-defined  quantum  state 
(usually  the  lowest  energy  allowed  state)  traveling  in  free  space  with  a narrow 
velocity  distribution,  and  at  a sufficiently  low  density  so  that  intermolecular 
interactions  are  unimportant. 

A supersonic  expansion  of  molecules  in  an  inert,  monatomic  carrier  gas  seems, 
to  a large  degree,  to  satisfy  the  requirements  of  an  ideal  spectroscopic  sample.  In 
the  course  of  such  a supersonic  expansion,  the  translational  temperature  of  the 
carrier  gas  falls  to  an  extremely  low  value  - less  than  0.  03K  in  some  coses. 

Polyatomic  molecules  seeded  into  this  expanding  gas  communicate  with  the  low 
temperature  bath  provided  by  the  monatomic  carrier  via  two-body  collisions, 
causing  the  translational  and  rotational  degrees  of  freedom  of  the  molecules  to 
cool  to  comparable  low  temperatures.  Vibrational  cooling,  although  less  complete 
than  rotational  cooling,  can  also  be  quite  extensive.  The  rapidly  falling  tempera- 
ture and  density  in  the  resultant  supersonic  jet  quickly  brings  the  expanding  gas  into  a 
condition  of  free,  collisionless  flow,  permitting  molecular  species  which  would 
otherwise  be  highly  unstable  to  survive,  unperturbed,  at  a very  low  temperature 
for  a period  of  time  limited  only  by  the  size  of  the  apparatus.  Because  this  cooling 
occurs  so  quickly,  in  a manner  which  minimizes  three-body  collisions,  the  cooling 
may  be  achieved  without  extensive  condensation. 

The  purpose  of  this  account  is  to  trace  the  progress  of  research  in  the  appli- 
cation of  supersonic  beams  and  jets  toward  the  solution  of  a number  of  problems 
in  molecular  optical  spectroscopy  and  to  illustrate  the  promise  such  experiments 
hold  for  future  work. 
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